Objective: Acute decompensation (AD) in liver cirrhosis has high mortality. We assessed prognostic scoring models and established prediction models for different etiologies of AD. Methods: This retrospective analysis included 732 patients hospitalized with acute decompensated cirrhosis without acute-on-chronic liver failure. We performed logistic regression analysis of risk factors for mortality associated with different etiologies, to establish predictive models. Results: Patients with different etiologies, scored using different scoring systems and various impact factors, exhibited differences with respect to mortality. MELD, CLIF-C-AD, MELD-Na, and AARC-ACLF scores exhibited adequate predictive ability for mortality. Area under the receiver operating characteristic curve for 28-day mortality for MELD, CLIF-C-AD, MELD-Na, AARC-ACLF, and the newly developed AD scores was 0.663, 0.673, 0.657, 0.662, and 0.773, respectively, in the hepatitis B virus group (HBV-AD score ¼À5.51 þ 0.07*WBC count (10 9 /L) þ0.7*AD sumþ0.4*AARC-ACLF score); 0. 731, 0.737, 0.735, 0.689, and 0.778, respectively, in the alcoholic liver disease group (ALD-AD score ¼À4.55 þ0.08* WBC count (10 9 /L) þ1.34* AD sum); and 0.765, 0.767, 0.814, 0.720, and 0.814, respectively, in the Others group (OTHERS-AD score ¼À2.14 þ 1.24*MELD-Na score þ4.49*AD sum).
Introduction
Acute decompensation (AD) is the primary cause of hospitalization in patients with cirrhosis. After an AD event, patients are prone to acute-on-chronic liver failure (ACLF). 1, 2 Once ACLF occurs, the patient's condition can deteriorate rapidly, leading to multiple organ dysfunction or failure, accompanied by a high risk of mortality (33% and 51% at 28 and 90 days, respectively). 3 Approximately 30% of patients with AD progress to ACLF during admission or hospitalization, and those who do not progress to ACLF also have high mid-term mortality rates (12.6% at 60 days and 27.6% at 1 year). 4 Therefore, early diagnosis and treatment are needed to improve the survival rate of patients with AD.
Currently, many scoring systems for liver disease are available, including the Model for End-Stage Liver Disease (MELD), Model for End-stage Liver DiseaseSodium (MELD-Na), and the Asian Pacific Association for the Study of Liver (APASL) Acute-on-Chronic Liver Failure Research Consortium (AARC) score. [5] [6] [7] [8] However, only one scoring system exists for patients with acute decompensated cirrhosis without ACLF, the Chronic Liver Failure-Consortium AD score (CLIF-C AD), which is based on parameters including age, white blood cell (WBC) count, serum sodium, serum creatinine, and the international normalized ratio (INR). 4 Most hospital admissions and deaths among patients with cirrhosis are associated with AD. 9 Alcoholic liver disease (ALD) was the main etiology in the CANONIC study 1 and hepatitis B virus (HBV) was the main pathogen in the APASL study. 10 The CANONIC study represents the authority in forecasting prognostic scores for patients with AD, but this score model was derived using data of European populations. To better predict outcome of patients with AD, a comparable scoring system is needed that is based on different etiologies and populations from different geographic regions. Therefore, the aim of our study was to establish new prognostic scoring models for different etiologies of AD in hospitalized patients with cirrhosis and to compare these with currently used scoring models (MELD, MELD-Na, AARC-ACLF, and CLIF-C-AD), to find the optimal scoring models.
Materials and methods

Study population
We retrospectively enrolled patients with cirrhosis who visited the Department of Infectious Diseases of the First Affiliated Hospital of Zhejiang University from May 2016 to February 2017. All patients received an explanation of the study at the time of admission; this was a retrospective study in which no specimens were collected from the patient. All patients provided their informed consent to participate in the study. After receiving approval from the ethics committee, data collection and the analyses began. This study was approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University School of Medicine (meeting number 9, 20 September 2018). A total of 1600 patients with cirrhosis were screened, and the following were excluded: patients aged <18 years (n ¼ 3); those without AD (n ¼ 603); and those with hepatitis C virus (HCV, n ¼ 13), hepatitis E virus (HEV, n ¼ 8), HBV with HCV/HEV (n ¼ 40), or ACLF (n ¼ 190). Finally, consecutively admitted patients with AD and without ACLF were included based on the criteria of AD in the CANONIC study, including development of overt ascites, hemorrhage, hepatic encephalopathy, and bacterial infection. In the HBV group, patients with positive HBV DNA were immediately treated with nucleoside analogs. The treatment regimens were as follows: a) lamivudine alone, 100 mg daily, b) telbivudine alone, 600 mg daily, c) entecavir alone, 0.5 mg daily, and d) lamivudine (100 mg) plus adefovir (10 mg) daily. Clinical characteristics and laboratory measurements were collected within 24 hours of admission.
Definitions
Cirrhosis was diagnosed using liver biopsy, endoscopic signs of portal hypertension, radiological evidence of liver nodules, or clinical evidence of previous liver decompensation including ascites, hepatic encephalopathy, and upper gastrointestinal bleeding. 11, 12 Bacterial infection was diagnosed based on clinical, biochemical, and imaging evidence. Acute decompensation (AD) of cirrhosis was defined according to the CANONIC study as the presence of one or more of the following complications: overt ascites, hepatic encephalopathy, or upper gastrointestinal and bacterial infection. 13 AD sum refers to the number of AD complications; for example, a patient with only one AD complication is denoted AD sum ¼ 1, a patient with two AD complications such as upper gastrointestinal combined with bacterial infection is denoted AD sum ¼ 2, and so on. In our study, we divided patients into three groups according to etiology: HBV, ALD, and Others. The Others group included patients with autoimmune cirrhosis, schistosomiasis cirrhosis, drug-induced cirrhosis, and unexplained cirrhosis. ACLF was defined according to the APASL 10 study and includes all of the following conditions: a) chronic liver with/without cirrhosis; b) serum bilirubin !5 mg/dL and INR !1.5, complicated within 4 weeks by ascites and/or hepatic encephalopathy, and c) high 28-day mortality.
Statistical analysis and model establishment
Quantitative variables are expressed as meanAEstandard deviation (SD) or median with interquartile range, and comparisons between groups were performed using the Student t-test or Mann-Whitney U test for parametric and nonparametric variables, respectively. Categorical parameters are expressed as counts and percentages and were compared using the v 2 test or Fisher's exact test, as appropriate. The impact of predictors on survival for different etiologies was determined using a t-test, and the significant predictors were selected in logistic regression analysis using a stepwise method, to establish the optimal prediction model. The sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative predictive value (NPV) were compared at an optimal cut-off value, to evaluate the scoring models in the different groups. An optimal cut-off value was selected by maximizing the sum of the Se and Sp.
The prediction accuracy for mortality at 28 days of the MELD, MELD-Na, CLIF-C-AD, AARC-ACLF, and the new AD scores was assessed in the different groups using the area under the receiver operating characteristic curve (AUC). P values <0.05 were considered statistically significant. All statistical analyses were performed using IBM SPSS 24.0 (IBM Corp., Armonk, NY, USA).
Results
Patients
We analyzed 732 patients with cirrhosis who had AD and did not have ACLF.
Patients were divided into three groups based on the etiological characteristics. The HBV group included 426 patients, the ALD group included 164 patients, and the Others group included 142 patients ( Figure 1 ). In the HBV and Others groups, the most common decompensation event was infection, and the incidence of hepatic cell carcinoma was 20% and 13%, respectively. In the ALD group, the most common decompensation event was gastrointestinal bleeding, and the incidence of hepatic cell carcinoma was 5%. Nine patients in each group received liver transplantation, and 21 patients were lost to follow-up. In the HBV, ALD, and Others groups, the proportion of patients who developed ACLF was 22%, 22%, and 15% and the proportion with previous decompensation was 16%, 17% and 47%, respectively. Short-and mid-term mortality rates, 28-day (90-day) mortality, were 18% (26%), 15% (19%), and 18% (38%), respectively. Tables 1 and 2 prognostic scoring models showed higher scores in the ALD group than in the HBV and Others groups, as follows: CLIF-C-AD score (50.4 vs. 47.5 and 49.3; respectively, P<0.01) and AARC-ACLF score (6.6 vs. 6.5 and 6.2; respectively, P ¼ 0.05). The total number of patients with AD was not significantly different among the groups.
Baseline characteristics
Clinical characteristics of patients with different etiologies and risk factors for death
We found significant differences for AD sum, serum bilirubin, serum creatinine, serum sodium, and WBC count between the survival and non-survival groups for the different etiologies. Among the groups, the parameters of survival and non-survival followed the same trend and exhibited similar characteristics. Parameter values in the non-survival group were significantly higher than those in the survival group, except for serum sodium (all P 0.05). In logistic regression analysis, risk factors for death at admission were as follows: in the HBVgroup, AD sum (odds ratio [OR]: 2.0; 95% confidence interval (CI): 1.2-3.4; P ¼ 0.008), AARC-ACLF score (OR: 1.5; 95% CI: 1.2-1.8; P<0.001), and WBC count (OR: 1.1; 95% CI: 1.0-1.1; P ¼ 0.028); in the ALD group, AD sum (OR: 3.7; 95% CI: 1.6-8.4; P ¼ 0.002), and WBC count (OR: 1.1; 95% CI: 1.1-1.2; P ¼ 0.025); and in the Others group, AD sum (OR: 89.76; 95% CI: 1.6-5002.4; P ¼ 0.028) and MELD-Na score (OR: 3.4; 95% CI: 1.2-10.1; P ¼ 0.025) ( Table 3 ). Finally, we established the new prognostic scores using these parameters, as follows:
HBV-AD score ¼ À5.51 þ 0.07*WBC count (10 9 /L) þ0.7*AD sumþ0.4* AARC-ACLF score; ALD-AD score ¼ À4.55 þ0.08* WBC count (10 9 /L) þ1.34* AD sum; OTHERS-AD score ¼ À2.14 þ 1.24* MELD-Na score þ4.49*AD sum.
Comparison of the new prognostic scores with known scoring models
The ability of each method to predict mortality was determined using ROC curve analysis; the AUC values were 0. (Table 4 and Figure 2 ). We further compared the Se, Sp, PPV, and NPV, to select the optimal predictive models. In the HBV group, based on the maximum AUC, 48.6 was selected as the node value of the CLIF-C-AD score, with Se, Sp, NPV, and PPV of 65%, 90%, 65%, and 29%, respectively; À1.18 was selected as the node value of the HBV-AD score and its Se, Sp, NPV and PPV was 49%, 89%, 87%, and 45%, respectively; the difference between the two scoring systems was statistically significant (P<0.001). In the ALDgroup, 53 was selected as the node value of the CLIF-C-AD score, with Se, Sp, NPV and PPV of 67%, 92%, 73% and 30%, respectively; À2.58 was selected as the node value of the new ALD-AD score and its Se, Sp, NPV, and PPV was 79%, 95%, 66%, and 29%, respectively; the difference between the two scoring systems was significant (P<0.001). In the Others group, the MELD-Na score node value of 12 yielded the same Se, Sp, NPV, and PPV as the new OTHERS-AD score with node value of À1.65; there was no difference between the two scoring systems. (Figure 3 ).
Discussion
Given the high prevalence and mortality of patients with cirrhosis and AD, it is important to develop tools that can better predict the prognosis of these patients. Arroyo and Li et al. 14, 15 reported that when patients with alcoholic cirrhosis were excluded, the consistency index indicated that the CLIF-C-AD score would exhibit better performance. This means that predictive models for AD in liver cirrhosis without ACLF should be established based on disease etiology. Our study demonstrated significant differences in parameters among the different etiologies. Patients with HBV predominated in our study, consistent with the fact that China is an HBV-endemic country. 8 Previous research has shown that the 28-day mortality rate is approximately 5% in patients with cirrhosis and traditional AD; 1 however, our findings showed a higher mortality rate at 28 days (approximately 17%). This is likely because in our study, nearly all patients received a cirrhosis AD score on admission whereas in the CANONIC cohort, score assessment was performed at 48 hours, 1 day, or 3 days. Patients with cirrhosis and AD have unstable conditions and may experience substantial improvement or deterioration within a few days after admission. In addition, owing to their worsening condition, patients with ACLF were excluded, thereby reducing the mortality rate at 28 days among our included patients. Another reason for the higher 28-day mortality in our study as compared with other reports may be the difference in etiologies. The main cause of cirrhosis in our study was HBV but it was ALD in the CANONIC study.
The three groups exhibited differences in values for INR, serum sodium, serum creatinine, alpha fetoprotein, hemoglobin, and WBC count. In the ALD group, serum creatinine values were substantially increased and serum sodium levels decreased. Kidney injury often occurs in patients with ALD and is increasingly recognized as a predictor of greater morbidity 16 . Long-term drinking increases kidney damage, which affects creatinine and sodium metabolism. 17 WBC counts were significantly higher in the ALD group than in the other two groups and were independently associated with adverse outcomes. It has been suggested that nonsurviving patients have a more pronounced systemic inflammatory response, which may provide insight into potential future therapeutic targets. The WBC count is an established biomarker for systemic inflammation, 18 and infections often occur in patients with ALD. 19, 20 Another interesting finding of our study is that some accepted scoring models exhibited significant differences among the different groups, Figure 3 . Comparison of sensitivity, specificity, positive predictive value, and negative predictive value, to determine optimal predicting scoring models
